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REMARKS 

Claims 1-29 were pending and were restricted as between the nucleic acid 
(claims 1 to 29) and protein (claims 1 to 29). Applicant elected the nucleic acid claims 
with traverse. Claims 5-7, 9, 12-15, 22, 25 and 26 have been withdrawn from 
consideration. Examined claims 1-4, 8, 10, 11, 16-21 and 27-29 stand rejected under 35 
U.S.C. 1 12, first paragraph. Attached hereto is a copy of the currently pending claim set. 

In view of the following remarks, Applicant respectfully requests 
reconsideration of the restriction requirement and of the application. 

Restriction Requirement 

The Examiner has reiterated the restriction requirement as between allegedly 
distinct two Groups. Both allegedly distinct Groups include all pending claims 1-29. 
Applicant again notes that the outstanding Restriction Requirement confuses restriction 
and election practice. How can claims be patentably distinct from themselves? At best , 
the claims are directed to patentably distinct species , namely, nucleic acids encoding 
chemokines and polypeptide chemokines. Thus, Applicant has elected claims directed to 
methods of enhancing an immune response by administering a nucleic acid encoding a 
chemokine. Upon allowance of a generic claim {e.g., claim 1), Applicant will be entitled 
to consideration of claims to the additional species. 

The Examiner has not indicated the restriction requirement is final and, for the 
reasons given above and those of record, Applicant submits that it should be withdrawn. 
Applicant again expressly reserves the right, pursuant to 35 USC §121, to file one or 
more divisional applications directed to the nonelected subject matter during the 
pendency of this application. 

35 U.S.C. 112, First Paragraph, Enablement 

Claims 1-4, 8, 10, 11, 16-21, 23-24 and 27-29 stand rejected under 35 U.S.C. 
1 12, first paragraph as allegedly not enabled by the specification as filed. (Office Action, 
page 4). It is acknowledged that the specification teaches a route of delivery, dosage 
amount, frequency of administration, bleeding schedules with different plasmids 
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expressing non-structural HCV polypeptides and MlP-la in baboons. Nonetheless, it is 
alleged that it would require undue experimentation to practice the claimed invention. In 
this regard, the Examiner cites several references (Mountain, Trepo, Howard and 
Lagging) in support of the allegation that gene therapy as a whole was unpredictable at 
the time of filing and that animal "models do not mimic relevant human conditions." 
(Office Action, page 7). 

Applicant traverses each and every basis of this rejection and address them in 

turn. 



The Specification Fully Enables th e Claims Throughout their Sr.n p P 
The test of enablement is whether one reasonably skilled in the art could make 
or use the invention from the disclosures in the patent coupled with information known in 
the art without undue experimentation. Ex parte Forman, 230 USPQ 546 (BPAI 1986). 
Whenever the PTO makes a rejection for failure to teach how to make and/or use the 
invention, the PTO must explain its reasons for the rejection and support the rejection 
with (i) acceptable evidence, or (ii) reasoning which contradicts the Applicant's claim: 
the reasoning must be supported by current literature as a whole and the PTO must prove 
the disclosure requires undue experimentation. In re Marzocchi, 439 F.2d 220, 223-24, 
169 USPQ 367, 369-70 (CCPA 1971). It is well-settled that the enablement requirement 
is satisfied if the applicant's specification teaches one of skill in the art how to make and 
use the claimed invention without undue experimentation. In re Wands, 8 USPQ2d 1400 
(Fed. Cir. 1988). When determining whether the amount of testing required is "undue," 
the courts have determined that "time and difficulty of experiments are not determinative 
if they are merely routine." (see, e.g., In re Wands, 8 USPQ2d at 1404, citing In re 
Angstadt, 190 USPQ 214 (CCPA 1976). 

Applicant also notes the "invention" referred to in the enablement requirement 
of section 112 is the cjaimed invention." See, Christiansen v. Colt Industries Operating 
Corp. 3 USPQ2d 1241 (Fed. Cir. 1987), emphasis added. Thus, the Office must first 
determine what each claim recites when the claim is considered as a whole, not when its 
parts are analyzed individually. See, Training Manual on Enablement, page 9. Moreover, 
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the existence of inoperative or ineffective embodiments does not mean that the 
enablement requirement is not satisfied. Indeed, if any use of multiple uses disclosed in 
the specification are enabled, the application is enabling. See, Training Manual, page 21 . 

As a threshold matter, Applicant notes that only examined claims 1 1, 16-21 
23, 24 and 27-29 are directed to methods of generating an immune response and none of 
these claims recite vaccine compositions or methods of treating (or vaccinating against) a 
DNA mimunogen. Rather, they are drawn to compositions comprising particular 
sequences or to methods of enhancing an immunological response in a mammal using 
these compositions. As is well-known and described, for example, on page 4, lines 13-19 
of the specification, an immunological response can be either a humoral immune 
response (, 8 ., mediated by antibodies) or a cellular immune response (e.g., mediated by 
T-lymphocytes and/or other white blood cells). Therefore, when properly interpreted in 
light of the specification, the pending claims are directed to methods of eliciting cellular 
and/or humoral immune responses and the enablement requirement is satisfied by 
Applicant's showing that these methods elicit such immune responses. (See, Examples). 

Turning to the rejection itself, the Examiner has acknowledged that the 
specification enables a skilled artisan to practice the claimed invention using HCV 
immunogens and a polynucleotide encoding MIP-la in baboons. (Office Action, page 4). 
However, it is still asserted that the specification lacks sufficient guidance as to DNA 
immunogens other than HCV non-structural polypeptides; chemokines other than MIP-la 
and subjects other than baboons. This is not a correct application of the law and 
moreover, completely refuted by the evidence of record. Applicant is under no legal 
obligation to specifically recite (or exemplify) each and every DNA immunogen, each 
and every chemokine or each and every potential subject. Rather, the application need 
only disclose to one of skill in the art how to identify and use such immunogens 
chemokine-encoding polynucleotides and subjects without undue experimentation. The 
specification clearly satisfies this requirement. 

The specification clearly teaches how to identify and use other DNA 
immunogens. For instance, useful DNA immunogens disclosed by Applicant include 
viral polypeptides (HIV gag, pol, env; herpes viruses, EBV, HBV, HCV, HPV) as well as 
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of fte application). The specification also teaches ma, more than one immunogenic 
polypeptide can be used. (See, page 5, lines 25-26). The specification actually 
exemplifies bom HIV and HCV DNA imm„„„ g e„, (See, Examp , e 2 losing ma , 
co-administiation of HIV/BLC increases titers of the HIV antibodies). Mowing the 
teachings of the specification, one „, ski,, in the art cou,d readily identify and „ se „ 
DNA immunogen. 

Similarly, suitable chemokines are discussed, for example, on page 4 lines 3- 
n and mm. and BLC are acruaily exemplified. The specification also teaches how to 
test such immunogens/chemokine compositions for immunogenic!,, and how to use these 
compos„io„s in any subject. In other words, i, would require only routine 
experimentation for a ski„ed artisan to f„„ow the teachings of the specification to select 
any DNA immunogen, any chemokine-encoding polynucleotide and use these in any 
subject to enhance the immune response to the immunogen. 

In sum, despite the Office's failure to establish a prima facie case of non- 
enablement. Applicant has established that the specification fully enables the pending 
clatms by enabling not on!y a si„g,e use, bu, by enabling the claims throughout their 
scope. 

In vivo Mnnc e and Rahnrm ^ .|. 

The Examiner alleges that mere is no established correlation between the 
antmal models used in the Examples and the subject matter of the examined claims 
dnected to immunogenic compositions and methods of nucleic acid immunization which 
result m an enhanced immune response to a DNA immunogen. 

Applicant strongly disagrees with the Examiner's position. It is well-settled 
*- .existence of a reas„„ab,e "correlation- is dependent on the state of the ar, and that 
the burden ,s on the Examiner ,„ determine whether a skilled artisan would accept the 
model used as reasonably correlating to the Cairns. * „ Brana, 34 USPQ2d ,436 1441 
(Fed. C„ ,995). Moreover, a rigorous or an invariable exact correlation is no, retired 
Cros, v. ,i aka , 224 USPQ 739, 747 (Fed. Ci, ,985). Thus, ,he specification need only 
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provide evidence which reasonably establishes that the claimed compositions and 
methods are enabled. 

In the pending application, Applicant's in vivo data establish enablement of 
the claimed compositions and methods. With regard to the mouse data, Applicant notes 
that the mouse model described in the Examples is well-accepted by those skilled in the 
art as reasonably correlating to human responses. Indeed, it has long been established in 
the field of immunology that the mouse model is one of the most appropriate animal 
models for evaluating immune responses. In 1996, when the Nobel Prize was awarded to 
mouse immunologists Peter Doherty and Rolf Zinkernagel for their work in this area, the 
Nobel Committee specifically recognized the importance of the mouse model in laying "a 
foundation for an understanding of general mechanisms used by the cellular immune 
system." (See, Exhibit A). The Nobel Committee noted that the mouse model is "highly 
relevant to clinical medicine." (see, Exhibit A, Summary, attached hereto). The Nobel 
Committee went on to state that: 

"Many common and severe diseases depend on the function of the cellular 
immune system and consequently on its mechanism for specific 
recognition. Although this naturally applies to infectious diseases, this is 
also true of a number of chronic inflammatory conditions such as 
rheumatic diseases, diabetes and multiple sclerosis. Where infectious 
diseases are concerned, the new knowledge provides a better platform for 
the construction of new vaccines; one can ascertain exactly what parts of a 
microorganism are recognized by the cellular immune system, and can 
specifically focus the production of the vaccine on those parts. 
Furthermore, regard is paid to the fundamental principles formulated by 
Doherty and Zinkernagel in trials with vaccinations against the emergence 
of metastases in certain forms of cancer...." (Exhibit A, page 3). 

Similarly, the baboon is a widely acceptable model for studying immune 
responses to immunogens, such as viral antigens. (See, Exhibit B, Locher et al. (1998); 
Klinger et al. (1998); Jenson et al. (2000); Lalain et al. (2001); Kalter et al. (1983); and 
Locher etal. (2001)). 

Thus, the state of the art at the time of filing plainly evidences that 
experiments performed in mice and baboons to evaluate immune responses in response to 
nucleic acid immunization would reasonably correlate and reasonably predict human 
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immunological responses to DNA immunogens (such as those derived from infectious 
virally-transmitted diseases such as hepatitis, HIV and the like). In addition, the evidence 
establishes that the mouse and primate models are also useful in the development of new 
vaccines for disease which involve an immune response. 

In view of this evidence, it is clear that the data presented by Applicant 
reasonably correlates to the full scope of the claims. Accordingly, the specification 
filed fully enables the pending claims and withdrawal of this rejection is requested. 



as 



The Cited References Do Not Establish Unpredictability 
Applicant also traverses the Examiner's assertion that the references establish 
that the claimed invention is unpredictable. (Mountain, Trepo, Howard and Lagging, 
cited on pages 5-6 of the Office Action). 

Applicant requests clarification as to what the Examiner regard as the 
"Mountain" and "Trepo", as these two references were not included in the 1449 form 
attached to the Office Action. Even assuming that the Examiner meant to reference the 
citations attached to the Office Action, none establish unpredictability of the claimed 
invention. Indeed, Inchauspe et al. (1998) report "successful induction of both [humoral 
and cellular] types of responses in a murine model following immunisation with a panel 
of C and E2 encoding plasmids." (See, Introduction). Howard et al report that HCV 
antigens is presented with high efficiency following DNA injection and offers the 
potential of high rates of seroconversion and virus clearance..." (See, Abstract). Nakano 
et al . ( 1 997) is directed to the identification of immunogenic domains with E2 and 
indicates that different routes of administration can give different humoral immune 
responses. (See, Abstract). Notably, cellular immune responses were not tested and, 
moreover, all routes of injection resulted in generation of antibodies. (See, Figures). 
Similarly, Lagging reports that administration of plasmid DNA encoding HCV core 
proteins generated "antibody responses, lymphoproliferative responses and cytotoxic T- 
lymphocyte activity." (See, Abstract). Breitburd et al. (1999) is directed to generation of 
an HPV vaccine. Walther et al. (2000) is a review article directed solely to viral vectors. 
Thus, these references are a far cry away from establishing that methods of eliciting 
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immune responses are not enabled by Applicant's specification. In fact, Applicant's 
specification describes and demonstrates the generation of an immune response and, 
accordingly, the various references cited by the Office are not relevant to the claimed 
invention and certainly do not establish unpredictability of the claimed invention. 

For the all the foregoing reasons, Applicant submits that the specification fully 
enables the claims and respectfully requests withdrawal of this rejection. 

CONCLUSION 

For the reasons state above, Applicant respectfully submits that the pending 
claims define an invention which is novel and fully enabled by the specification. 
Accordingly, Applicant requests that the rejection of the claims be withdrawn, and that 
the application proceed to allowance. 

The Commissioner is hereby authorized to charge any fees under 37 C.F.R. 
§§1.16 and 1.17 which may be required by this paper, or to credit any overpayment, to 
Deposit Account No. 18-1648. 

Please direct all further communications regarding this application to: 

Anne S. Dollard, Esq. 
CHIRON CORPORATION 
Intellectual Property - R440 
P.O. Box 8097 
Emeryville, CA 94662-8097 

Respectfully submitted, 
Date: MaMJl 2 <k [fT> B y: ^a^lLu^^^ 



Dahna S. Pasternak 
Registration No. 41,411 



CHIRON CORPORATION 
Intellectual Property - R440 
P.O. Box 8097 
Emeryville, CA 94662-8097 

Telephone: (510) 923-2719; Facsimile: (510) 655-3542 
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Currently Pending Claims 

1 . An immunogenic composition comprising: 

a DNA immunogen; and 

a chemokine or a polynucleotide encoding a chemokine. 

2. The immunogenic composition of claim 1 wherein the DNA immunogen comprises a 
polynucleotide encoding a viral immunogen. 

3. The immunogenic composition of claim 2 wherein the polynucleotide encodes a 
hepatitis C virus non-structural polypeptide. 

4. The immunogenic composition of claim 3 wherein the hepatitis C virus non-structural 
polypeptide is selected from the group consisting of NS3, NS4, NS5a, and NS5b. 

5. (Withdrawn) The immunogenic composition of claim 2 wherein the polynucleotide 
encodes an HrV polypeptide. 

6. (Withdrawn) The immunogenic composition of claim 5 wherein the HTV polypeptide 
is a gag polypeptide. Jr v 

7. (Withdrawn) The immunogenic composition of claim 1 wherein the DNA immunogen 
comprises a polynucleotide encoding an immunogen expressed by a tumor. 

8. The immunogenic composition of claim 1 wherein the chemokine is macrophage 
inflammatory protein 1 a (MJP- la). 

9. (Withdrawn) The immunogenic composition of claim 1 wherein the chemokine is B 
lymphocyte chemokine (BLC). 

10. The immunogenic composition of claim 1 further comprising a pharmaceutical^ 
acceptable carrier. 

1 1 . A method of enhancing an immune response to a DNA immunogen in a mammal 
comprising the step of: 

administering to the mammal (i) a chemokine or a first polynucleotide encoding a 
chemokine and (ii) a DNA immunogen, whereby an immune response to the DNA 
immunogen is enhanced. 

12. (Withdrawn) The method of claim 1 1 wherein a chemokine is administered. 

13. (Withdrawn) The method of claim 12 wherein the chemokine and the DNA 
immunogen are co-administered. 
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14. (Withdrawn) The method of claim 12 wherein the chemokine is administered prior to 
the administration of the DNA immunogen. 

15. (Withdrawn) The method of claim 12 wherein the DNA immunogen is administered 
prior to administration of the chemokine. 

IL^steTed 11011 ° f daim 1 1 Wherein ^ ^ pol y nucIeotide encodin S the chemokine is 

17. The method of claim 16 wherein the first polynucleotide and the DNA immunogen 
are co-administered. 6 

18. The method of claim 16 wherein the polynucleotide is administered prior to the 
administration of the DNA immunogen. 

19. The method of claim 16 wherein the DNA immunogen is administered prior tot he 
administration of the first polynucleotide. 

20 The method of claim 16 wherein a second polynucleotide which comprises (a) the 
first polynucleotide and (b) the DNA immunogen is administered. 

la (MIP-Ta) h0d ^ Ckim 1 1 Wherein Chem ° kine iS macr °P ha g e inflammatory protein 

22. (Withdrawn) The method of claim 1 1 wherein a chemokine is B lymphocyte 
chemokine (BLC). F 3 

23. The method of claim 11 wherein the DNA immunogen comprises a polynucleotide 
encodes a hepatitis C virus non-structural polypeptide. 

24 The method of claim 23 wherein the hepatitis C virus non-structural polypeptide is 
selected from the group consisting of NS3, NS4, NS5a, and NS5b. 

25 (Withdrawn) The method of claim 23 wherein the polynucleotide encodes an HIV 
polypeptide. 

26 (Withdrawn) The method of claim 25 wherein the HIV polypeptide is a gag 
polypeptide. 3V v 5 B 

27. The method of claim 1 1 wherein the mammal is human. 

28. The method of claim 1 1 wherein the immune response is an antibody response. 
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?e 9 spo T n h se meth0d * ^ 1 1 Wher6in '"^ ™ PmS * ia a Cyt0t0xic T lymphocyte 
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Press Release: The 1996 Nobel Prize in Physiology or Medicine 
nobelforsamlingen karolinska institutet 

THE NOBEL ASSEMBLY AT THE KAROLINSKA INSTITUTE 
7 October 1996 

The Nobel Assembly at the Karolinska Institute has today decided to award the Nobel 
Prize in Physiology or Medicine for 1996 jointly to 

Peter C Doherty and Rolf M Zinkernagel 

for their discoveries concerning "the specificity of the cell mediated Immune defence". 



Summary 



Peter Doherty and Rolf Zinkernagel have been awarded this year's Nobel Prize in 
Physiology or Medicine for the discovery of how the immune system recognizes virus- 
infected cells. Their discovery has, in its turn, laid a foundation for an understanding of 
general mechanisms used by the cellular immune system to recognize both foreign 

ZZTT t nd K Sel K m0leCUleS ' ™ S diSC ° Very 15 th6ref0re hi9h " releva " t » "'"-I 
medicine. It relates both to efforts to strengthen the immune response against invading 

rmcroorganisms and certain forms of cancer, and to efforts to diminish the effects of 

autoimmune reactions in inflammatory diseases, such as rheumatic conditions, multiple 

sclerosis and diabetes. 



The two Nobel Laureates carried out the research for which they have now been awarded 
the Prize ,n 1973-75 at the John Curtin Schoo. of Medica, Research in Canberra, Aus a 
where eter Doherty aiready held his position and to which R„„ zinkernagel came from ' 
Switzerland as a research feilow. During their studies of the response of mice to viruses 
they found that white blood cells (lymphocytes) must recognize both the virus and 
certain se f mo.ecules - the so-called major histocompatibility antigens - in order to kill 
the v,rus,nfected ceils. This principle of simultaneous recognition of both seif and foreign 
molecules has since then constituted a foundation for the further understanding of the 
specificity of the cellular immune system. 



The background to the Laureates' research 

The immune system consists of different kinds of white blood cells, including T- and B- 



htt^://ww.nobel.se/medicme/laureates/1996/press.htrnl 
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rroTeCr comm ; n function is to protect the individuai »v 

means of eliminating invading microorganisms and infected cells Ar „ L 

vir f oMnr n : e as known about reco9nit,on mechan,sms ,n - « - '~ 

system, for instance ,n conjunction with the killing of virus-infected cells by T- 
12 was T " here V been s d ed ,n some 

e, rim 'a f t ; nSP,antat,0n bi0, °^- » w.. known that T-lymphocytes col kil, 

eel s from a foreign individual after recognition of certain moiecules - the major 
histocompatibility antigens - in the transplant. 



The discovery 



ymphocytes, even though they were reactive against that very virus were not able t 



The discovery has given an impetus to later research 



research The wid " ^ ^ " '"""^ '"^ °" <™,og,ca, 

ZZ , \ " ° f thCir observa «°"* concerning the specificity f the T 

lymphocytes became apparent in many contexts, both In regard to the a ,1 ,, he 
.mmune system t0 recogn(ze m|croorganjsms ^ J » * a * „ he 

through association wit iru ^7^^^ ^ m ° di,led 

self. (Pig, Both the experiment I, ' Zeto^^eT T ^ ^ 
important in later research. Within a few years it haThT !, ' ' mmenSely 

Further molecular research has both confirmed Zinkernagel's and Doherty, mode, and 



http://www.nobel.se/rnedicine/laureates/1996/press.html 
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clarified the structural basis of their discovery - that a small , 

T a virus, is direct, b0U nd to a denned L^^^^ eXamP ' e 

of the recognition ^JZZT^ZZ^l T" * * *" 
fundamental* changed our understand*, , ! ^ has 

-une system and, in addition, r ^ ^12.^ "T" 

modification of immune reactions ooth to m^ wn J^^*^^ 



Relevance for clinical medicine 
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Abstract 

The potential roles of CD8 + T-cell-induced chemokines in 
the expansion of immune "responses were examined using 
DNA immunogen constructs as model antigens. We coim- 
munized cDNA expression cassettes encoding the a-chemo- 
kines IL-8 and SDF-la and the 0-chemokines MIP-la, 
RANTES, and MCP-1 along with DNA immunogens and 
analyzed the resulting antigen-specific immune responses. 
In a manner more similar to the traditional immune modu- 
latory role of CD4 + T cells via the expression of Thl or Th2 
cytokines, CD8 1 T cells appeared to play an important role 
in immune expansion and effector function by producing 
chemokines. For instance, IL-8 was a strong inducer of 
CD4 + T cells, indicated by strong T helper proliferative re- 
sponses as well as an enhancement of antibody responses. 
MIP-la had a dramatic effect on antibody responses and 
modulated the shift of immune responses to a Th2-type re- 
sponse. RANTES coimmunization enhanced the levels of 
antigen-specific Thl and cytotoxic T lymphocyte (CTL) re- 
sponses. Among the chemokines examined, MCP-1 was the 
most potent activator of CD8 + CTL activity. The enhanced 
CTL results are supported by the increased expression of 
Thl cytokines IFN-7 and TNF-a and the reduction of 
lgGl/IgG2a ratio. Our results support that CD8 + T cells 
may expand both humoral and cellular responses in vivo 
through the elaboration of specific chemokines at the pe- 
ripheral site of infection during the effector stage of the im- 
mune response. (J. Clin. Invest 1998. 102:1112-1124.) Key 
words: chemokines • DNA immunization • CD8 + T effector 
cells • humoral and cellular immune response 

Introduction 

The adaptive immune response is a critical part of host de- 
fense against pathogens. The immune response is initiated 
when local inflammation induces tissue macrophages to pro- 
duce proinflammatory cytokines and chemokines. Collectively, 
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these molecules recruit more phagocytic cells and professional 
antigen-presenting cells (A PCs) 1 to the site of infection. Once 
attracted to the infection site, APCs ingest pathogenic antigens 
and transport them to local lymphoid organs. In the lymphoid 
organs, APCs process and present these antigens to naive T 
cells. When activated, CD4 + T helper cells modulate the level 
and the direction of immune response through the release of 
Thl- or Th2-type cytokines. T helper cells activate B lympho- 
cytes to produce antigen-specific antibodies, which engages 
the humoral response. T helper cells also help cytotoxic T lym- 
phocytes to search out and destroy infected cells in the periph- 
ery. Once engaged, humoral or cellular immunity can act inde- 
pendently or in concert to eradicate the pathogenic organism 
from the host. 

Although the importance of modulatory signals from T 
helper cells in directing the immune response is well appreci- 
ated, the role of signaling from CD8 + T cells is not known. Cy- 
totoxic T cells bind and destroy allogeneic and virally infected 
cells that display recognizable antigen-MHC class I molecules. 
Killer T cells induce these pathogen-infected cells to die 
through either the release of toxic proteins such as granzyme B 
or through initiating apoptosis or programmed cell death in 
the target cells. In addition to the direct killing of the infected 
cells, CD8 + T cells may provide additional signals to other 
lymphocyte subsets to help amplify and direct the immune re- 
sponse in the periphery. These signals importantly might in- 
clude the highly bioactive inflammatory molecules termed 
chemokines. Chemokines play a major role in a variety of im- 
mune and inflammatory responses, acting primarily as che- 
moattractants and activators of various leukocytes (1, 2). For 
example, in response to pathogens, tissue macrophages ini- 
tiate host' immune responses by producing chemokines. These 
chemokines in turn attract more leukocytes to the site of infec- 
tion and tissue damage. 

Chemokines are broadly divided into three families, C-X-C 
(a), C-C (3), and C (7), based on the presence and position of 
the conserved cysteine residues (3). In the members of the a 
family, the first two cysteines are separated by another amino : 
acid, while those of the 0 family are placed next to each other : 
(3). Only two members of the 7 family have been identified so 
far, and both of them contain one instead of two cysteines in 
their N terminus (3). Overall, there are many chemokines with 
seemingly overlapping functions, and the exact role of each 
one in host defense and in pathological responses is not well 
known. Recently the role of CD8 + T cells in the production of • 
chemokines has been appreciated (4-8). Their additional func- 
lion in such immune expansion is unclear. 



1. Abbreviations used in this paper; APC, antigen-presenting cells: 
CTL, cytotoxic T lymphocyte; NK, natural killer; RD, rhabdomyo- 
sarcoma. 
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During evaluation of host immune responses induced by 
DNA vaccines for HIV-1 antigens, we observed that in addi- 
tion to eliciting both humoral and cell-mediated immune re- 
sponses, DNA vaccination induced p-chemokinc expression in 
CD8 + T lymphocytes. The temporal nature of these results im- 
plied that chemokines may be important activators of immune 
responses. To molecularly dissect the specific roles of chemo- 
kines in immune response, we cloned representative cDNAs 
encoding the a-chemokines IL-8 and SDF-la as well as cDNAs 
encoding the p-chemokines MIP-la, RANTES, and MCP-1. 
These inserts were cloned individually into expression vectors 
and coimmunized along with DNA immunogens encoding for 
HIV-1 envelope or gag/pol antigens. These chemokines are es- 
pecially relevant since they are produced by activated T lym- 
phocytes. Using these vaccine constructs as model antigens, we 
observed that individual chemokines had specific, identifiable 
roles in the activation and modulation of antigen-specific im- 
mune responses. The observation that CD8 + effector cells ele- 
vated chemokine expression levels while they primed immune 
responses suggests a regulatory role for these end-stage effec- 
tor cells in the expansion phase of an antigen -specific immune 
response. These results conceptually link lymphocyte activa- 
tion and expansion driven by CD4 + T cells within the lym- 
phoid compartments such as the lymph nodes and spleen with 
lymphocyte expansion, tissue invasion, and effector function 
modulated at least in part by CD8 + effector T cells in the pe- 
riphery. 

Methods 

DNA plasmids. DNA vaccine constructs expressing HIV-1 envelope 
protein (pCEnv) and gag/pol protein (pCGag/Pol) were prepared as 
previously described. (9). The genes for human chemokines IL-8, 
SDF-la, MIP-la, MCP-1, and RANTES were cloned into the 
pCDNA3 expression vector (Invitrogen, Inc., San Diego, CA) as previ- 
ously described (10, 11). Clean plasmid DNA was produced in bacteria 
and purified using Qiagen Maxi Prep kits (Qiagen, Santa Clara, CA). 

Reagents and cell tines. Human rhabdomyosarcoma (RD) and 
mouse mastocytoma P815 cell lines were obtained from ATCC 
(Rockville, MD). Recombinant vaccinia expressing HIV-1 envelope 
(vMN462), gag/pol (vVKl), and [S-galactosidase (vSC8) were ob- 
tained from the NIH AIDS Research and Reference Reagent 
Program. HIV-1 envelope peptide (RIHIGPGRAFYTTKN) was 
synthesized according to the previously published protocol (12). Re- 
combinant gpl20 or p24 protein were obtained from ImmunoDiag- 
nostics, Inc. (Bedford, MA). 

DNA inoculation of mice. The quadriceps muscles of 6-8-wk-oJd 
female BALB/c mice (Harlan Sprague Dawley, Inc., Indianapolis, 
IN) were injected with 50 u.g of each DNA construct of interest for- 
mulated in PBS and 0.25% bupivacaine-HCl (Sigma Chemical Co., 
St. Louis, MO). Coadministration of various gene expression cas- 
settes involved mixing the chosen plasmids before injection. The con- 
trol mice were immunized with 50 p,g of pCDN A3 vector, Each set of 
studies was performed three times, and a representative set of results 
is presented. Mice received two DNA immunizations (50 jig each) 
separated by 2 wk. At 1 wk after the boost injection, the mice were 
killed, the spleens were harvested, and the lymphocytes were isolated 
and tested for cellular (Th or cytotoxic T lymphocyte [CTL]) re- 
sponses. All animals were housed in a temperature-controlled, light- 
cycled facility at the University of Pennsylvania, and their care was 
under the guidelines of the National Institutes of Health and the Uni- 
versity of Pennsylvania. 

In vivo expression of chemokine gene constructs. The quadriceps 
muscles of mice were injected with 50 u,g of MIP-la, RANTES, 
MCP-l, SDF-la, and irrelevant control constructs formulated in PBS 



and 0.25% bupivacaine-HCl. The mice were killed and their leg mus- 
cle was removed 3 d after injection. The muscle was dissected, minced, 
and placed in tissue culture for 3 additional days. The supernatant was 
collected and tested for chemokine expression using the ELISA kit for 
MIP-la. RANTES, and MCP-1 (Intergen, Purchase. NY). 

ELISA. ELISA for mouse antisera was performed as previously 
described (10). For the determination of relative levels of gp!20-spe- 
cific IgG subclasses, antimurine IgGl and IgG2a conjugated with 
HRP (Zymed, San Francisco. CA) were substituted for antimurine 
IgG-HRP. This was followed by addition of the ABTS substrate solu- 
tion (Chemicon, Temecula, CA). 

T helper cell proliferation assay. T helper cell proliferation assay 
was performed as previously described (10). 

Cytotoxic T lymphocyte assay. A 5-h M Cr release CTL assay was 
performed using vaccinia-infected targets or peptide-treated targets 
as previously described (10). 

Complement lysis of CD8 + T cells. Complement lysis of CD8 + T 
ceils was performed as previously described (10). 

Cytokine and chemokine expression analysis. Supernatants from 
effectors stimulated for CTL assay were collected at day 6 and tested ' 
for cytokine profile using ELISA kits for IFN-7, IL.4, and TNF-a 
(Biosource International. Inc., Camarillo, CA). Supernatants from 
stimulated effector cells were also tested for chemokine profile using 
chemokine ELISA kits for MIP-la (R&D Systems, Minneapolis, 
MD), RANTES, and MCP-1 (Intergen). 

Results 

Induction of chemokines by DNA vaccination. Mice were im- 
munized with 50 u.g of pCDNA3 (control), pCEnv, or pCGag/ 
pol. After 2 wk, animals were killed, their spleens were har- 
vested, and their lymphocytes were isolated and stimulated in a 
standard CD8 effector CTL assay (10, 11, 13). We collected the 
culture supernatant from the cultures and tested them for the 
release of chemokines MIP-la, MIP-ip, and RANTES. We 
observed that DNA immunization with pCEnv or pCGag/pol 
induced significantly greater levels of expression of P-che- 
mokines MIP-la, MIP-lp, and RANTES over those of control 
vector as shown in Fig. 1 A-C, respectively. MIP-la, MIP-lp, 
and RANTES were increased three- to fivefold. The increase 
was present as early as 2 wk after the first immunization and 
coordinated with the observed T cell and humoral responses, 
suggesting that these chemokines could be modulating immune 
responses in vivo. To determine the effects of the chemokines 
on antigen-specific responses, we next investigated their effects 
on immune responses induced by the model DNA vaccine. 

Construction of chemokine expression cassettes. The cDN As 
for human chemokines IL-8, SDF-lot, MIP-la, MCP-1, and 
RANTES were individually cloned into pCDNA3 plasmid ex- 
pression vectors by using methods previously described (10, 
11, 13). Human SDF-la, MIP-la, MCP-1, and RANTES have 
been reported to be active in mouse cells (14). The mouse ho- 
mologue of human IL-8 has not been found; however, human 
IL-8 has been reported to have activity on mouse cells as a 
subset of the receptors for IL-8 is expressed on mouse cells 
(14). These chemokine expression cassettes were verified by 
sequencing analysis of the entire insert (including both 5' and 
3' flanking sequences). In addition, chemokine constructs were 
transfected in vitro into RD cells, and the expression of these 
constructs was verified by immunoprecipitation using relevant 
antibodies or by specific chemokine ELISA (data not shown). 
The expression constructs for IL-8, SDF-la, MIP-la MCP-1 
and RANTES were also tested for in vivo expression in mouse 
muscle. As presented in Fig. 2, the constructs expressed their 
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Figure 1. Induction of chemokines by 
DN A vaccination. Mice were immunized 
with 50 fig of pCDNA3 {Control). pCEnv. 
or pCGag/pol. After 2 wk, the mice were 
kilted, the spleens were harvested, and the 
lymphocytes were isolated. These cells 
were stimulated in vitro with specific stimu- 
lation (using vaccinia infected stimulators) 
for 5 d. The culture supernatants from the 
effector cells were collected and were 
tested for the release of MlP-la (A), MIP- 
1 0 (B) x and RANTES (C). 



respectively encoded chemokines in mouse muscle tissue in 
vivo at 3 d after transfection. Mice were immunized intramus- 
cularly with 50 u,g of pCMIP-la or pCR ANTES or pCDNA3 
(control). The mice were killed, and their leg muscle was re- 
moved 3 after injection. The muscle tissues were mechanically 
pulverized and were cultured in vitro for 72 h and the superna- 
tants were tested for the expression using the ELISA kits for 
MIP-lot and RANTES. The expression of MCP-1 construct 
was similarly confirmed (data not shown). 

IL-8 enhances T cell proliferation and Thl isotype. The ef- 
fects of various chemokines on vaccine-induced responses 
were analyzed individually. IL-8 is a potent chcmotactic factor 
for neutrophil granulocytes and lymphocytes, and it is secreted 
by a variety of ceil types, including T cells (15, 16). IL-8 binds 
to CXCR1, which is expressed on neutrophils, monocytes, and 
CD8 + T cells (17, 18). The first immune parameter examined 
was the antigen-specific humoral response. Antisera from 
pCEnv and pCEnv+IL-8 immunized mice was collected and 
analyzed for specific antibody responses against HIV-1 gpl20 
protein by ELISA. Fig. 3/4 shows the gpl20-specific antibody 
titer from sera collected at weeks 0, 2, 4, and 6 after DNA im- 
munization. At 1:128 dilution, sera from the groups immunized 
with pCEnv+IL-8 showed antibody response against gpl20 
protein, which was greater than that of the group immunized 
with pCEnv alone. A similar result was seen with the groups 
immunized with pCGag/pol (data not shown). Furthermore, 
the subclasses of gpl20-specific lgGs induced by the coadmin- 
istration with IL-8 genes were determined. It has been 
reported that production of IgGl type is induced by Th2-type 
cytokines, whereas the IgG2a-type production is induced by 
Thl-type cytokines (19). The relative ratios of IgGl to IgG2a 
(Th2 to Thl) are shown in Fig. 3 B. The pCEnv immunized 
group had a IgGl to IgG2a ratio of 1.3. On the other hand, 
coinjection with pCEnv+IL-8 decreased the relative ratio to 
0.9, indicating a shift to Thl-type response. 

The effect of IL-8 expression on the T helper cell-prolifer- 
ative response was also examined. As shown in Fig. 3, C and 
D, IL-8 coexpression with HIV-1 immunogens (pCEnv or 
pCGag/pol) resulted in a dramatic level of antigen-specific T 
helper cell-proliferative responses. The increase in prolifera- 
tion was between four- and sixfold, a significant increase in an- 
tigen-specific responses. In addition, the effect of IL-8 coex- 
pression on the induced CTL response was also investigated. 
As shown in Fig. 3 £\ a background level of specific killing was 
observed from the control animals, whereas the animals immu- 
nized with pCEnv alone showed a small but consistent level of 
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Figure 2. In vivo expression of the chemokine constructs. Mice 
were immunized intramuscularly with 50 of pCMIP-la (A) or 
pCRANTES (B) or pCDNA3 (Control). The mice were killed, and 
their leg muscles were removed 3 d after injection. The muscle tissues 
were cultured in vitro for 72 h, and the supernatant were tested for the 
expression using the ELISA kits for MIP-la (A) and RANTES (B). 
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Figure 3. Antigen-specific immune re- 
sponses after coimmunization with IL-8. 
Mice were coimmunized with 50 u,g each of 
IL-8 and pCEnv expression cassettes intra- 
muscularly at weeks 0 and 2. (A) H1V-1 en- 
velope-specific antibody response after 
coimmunization. (B) HIV-1 envelope-spe- 
cific IgGiyigG2a ratio following coimmuni- 
zation (at week 6). (C) HIV-1 envelope-spe- 
cific Th cell-proliferative response after 
coimmunization. (D) HIV-1 gag/pol-specific 
Th cell-proliferative response following 
coimmunization. (E) HIV-1 envelope-spe- 
cific CTL response after coimmunization. 
(f) HIV-1 gag/pol-specific CTL response af- 
ter coimmunization. (G) Induction of cyto- 
kines IFN-7, IL-4, and TNF-u in the super- 
natant of stimulated effector cells. These 
experiments have been repeated two times 
with similar results. 



CTL response. IL-8 coadministration did not have any en- 
hancement effect on the antigen-specific CTL response. Simi- 
lar CTL results were observed from pCGag/pol+IL-8 coim- 
munization (Fig. 3 F). 

Cytokines play a key role in directing and targeting im- 
mune cells during the development of the immune response. 
For instance, IFN-7 is intricately involved in the regulation of 
T cell-mediated cytotoxic immune responses (20), while IL-4 
plays a dominant role in B cell-mediated immune responses 
(21). TNF-of is produced by activated macrophages and mono- 



cytes, neutrophils, activated lymphocytes, and natural killer 
(NK) cells, and has been suggested to play a pivotal role in reg- 
ulating the synthesis of other proinflammatory cytokines (22). 
We analyzed supernatant from the effector cells stimulated in 
vitro for CTL assay and. tested them for the release of cyto- 
kines IFN-7, IL-4, and TNF-ot. We found that IL-8 expression 
increased the level of IFN-7 only slightly, but it did not affect 
the levels of cytokines IL-4 and TNF-a (Fig. 3 G). 

SDF-Ia drives immune responses towards ThJ-type immu- 
nity. We next examined the effects of SDF-la codelivery on 
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vaccine induced immune responses. SDF-la is a C-X-C 
chemokinc, which binds to the CXCR4 (LESTR/fusin) recep- 
tor (4, 5). CXCR4 is expressed on a variety of leukocytes in- 
cluding monocytes/macrophages, neutrophils, B cells, and T 
cells (23). It is also a main coreceptor for entry of T cell-tropic 
HFV-1 strains (4, 5). Unlike IL-8, SDF-la coinjection did not 
exhibit any effect on the level of antigen-specific humoral re- 
sponse (Fig. 4 A). Moreover, the relative ratios of IgGl to 
IgG2a after the coadministration with pCEnv+SDF-la were 
determined and are shown in Fig. 4 B. The pCEnv immunized 
group had a IgGl to IgG2a ratio of 1.3. On the other hand 



comjection with pCEnv+SDF-la decreased the relative ratio 
to 1.08. .ndicating a shift to Thl-type response. SDF-la coin- 
jection with HIV-1 immunogens (pCEnv or pCGag/pol) had 
small enhancement effect on the level of antigen-specific T 
helper ccll-proliferative responses (Fig. 4, C and £>). However 
SDF-la immunization had minimal effect on the antigen-spe 
cif.c CTL responses (Fig. 4, E and F) or on the induction of cy- 
tokines (Fig. 4 G). 3 
MIP-1 a is a strong expander of antibody response. MlP-h, 
is a C-C chemokine that binds to the receptors CCR1, CCR4 
and CCR5. CCR1 is expressed on basophils and monocytes 
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figure 4. Antigen-specific immune re- 
sponses after coimmunization with SDF-la. 
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while CCR4 is expressed on monocytes, T cells, and B cells (1). 
CCR5, which is expressed on monocytes and macrophages, is a 
main coreceptor for entry of macrophage-tropic HIV-1 strains 
(6-8). MlP-lot coexpression exhibited a more drastic effect 
than IL-8 in the induction of antigen-specific humoral re- 
sponses (Fig. 5 A). pCEnv+MIP-la coimmunization resulted 
in a dramatic enhancement of envelope-specific antibody re- 
sponse. A similar result was seen with the groups immunized 
with pCGag/poi (data not shown). Moreover, the relative 
ratios of IgGl to IgG2a after the coadministration with 



pCEnv+MIP-la were determined and are shown in Fig. 5 B. 
The pCEnv immunized group had a IgGl to IgG2a ratio of 1.3. 
On the other hand, coinjection with pCEnv+MIP-la in- 
creased the relative ratio to 1.7, indicating a shift to a more 
Th2-type response. MlP-lot coexpression with HIV-1 immuno- 
gens (pCEnv or pCGag/pol) resulted in enhancement of anti- 
gen-specific T helper cell-proliferative responses (Fig. 5, C and 
D). In contrast, MIP-la immunization had minimal effect on 
the antigen-specific CTL responses (Fig. 5, E and F) or the in- 
duction of cytokines (Fig. 5 G), 
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RANTES expands ThI as well as CTL responses. We next 
examined the effects of RANTES codelivery on vaccine- 
induced immune responses. RANTES binds to the CCRI, 
CCR3, CCR4, and CCR5 receptors. CCR3 is expressed on 
eosinophils and monocytes. CCR3 is also a coreceptor for en- 
try of macrophage-tropic HIV-1 strains, but it is less promi- 
nent than CCR5 (24, 25). Unlike IL-8 and MlP-Ia, coexprcs- 
sion of RANTES with pCEnv did not significantly enhance 
HIV-1 envelope-specific antibody response (Fig. 6 A). In addi- 
tion, pCEnv+ RANTES coimmunization did not have any ef- 
fect on the lgGl/IgG2a ratio when compared with the group 



immunized with pCEnv alone (Fig. 6 B). In contrast to the an- 
tibody responses, RANTES covaccination with HIV-1 immu^ 
nogens (pCEnv or pCGag/pol) resulted in significant augmen- 
tation of antigen-specific T helper cell-proliferative responses 
(Fig. 6, C and D). Furthermore, twofold higher level expres- 
sion of Thl cytokines IFN- 7 and TNF-a was observed from 
the group coadministered with pCEnv+ RANTES (Fig. 6 G) 
Unlike coinjection with pCEnv+IL-8 or pCEnv+MIP-la 
which resulted in a minimal effect in CTL activity, a more dra- 
matic increase in the specific killing of targets infected with 
vaccinia (vMN462) expressing HTV-1 envelope was observed 
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after coinjection with pCEnv+R ANTES (Fig. 6 £), Almost 
30% specific lysis of target cells was observed after coinjection 
with pCEnv+ R ANTES at a 50:1 E/T ratio. Similarly, the mice 
immunized with pCGag/poI+R ANTES resulted in a signifi- 
cant enhancement of antigen-specific CTL lysis of targets in- 
fected with vaccinia (vVKl) expressing HIV-1 gag/pol (Fig. 6F). 

MCP-1 is a potent expander of CTL responses. Adjuvant 
properties of MCP-1 cDNA were next observed. MCP-1 is a 
C-C chemokine that binds to the CCR2 receptor. Similar to 



CCR3 and CCR5, CCR2 is a coreceptor for entry of macro- 
phage-tropic HIV-1 strains, but it is less prominent than CCR5 
(25). MCP-1 appeared to have a minimal effect on the specific 
antibody-binding profile induced by pCEnv immunization 
Moreover, MCP-1 coexpression with HIV-1 immunogens 
(pCEnv or pCGag/pol) had positive but relatively minor (two- 
fold) enhancement of antigen-specific T helper cell-prolifera- 
tive responses (Fig. 7 A). Furthermore, the relative ratios of 
IgGl to IgG2a after the coadministration with pCEnv+ MCP-1 
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Figure 7. Antigen-specific immune 
responses after coimmunization 
with MCP-1 . 
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were determined and are shown in Fig. IB. The pCEnv immu- 
nized group had a IgGl to IgG2a ratio of 1.3. On the other 
hand, coinjcction with pCEnv+ MCP-1 decreased the relative 
ratio to 1.0, indicating a shift to Thl-type response. A more 
dramatic increase in the specific killing was observed after 
coinjection with pCEnv+MCP-l (Figure 7 £). > 36% specific 
lysis of target cells was observed after coinjection with 
pCEnv+MCP-l at a 50:1 E/T ratio. Similarly, the mice immu- 
nized with pCGag/pol+MCP-1 resulted in a significant en- 
hancement of antigen-specific CTL lysis of HTV-1 gag/pol ex- 
pressing targets (Fig. 7 F). As shown in Fig. 7 G, the level of 
IFN-7 release by mice immunized with pCEnv+MCP-l was 
significantly greater than those of the pCEnv immunized or 
the control groups. Again, the level of IL-4 released from all 
groups was similar. Moreover, the level of TNF-ot release by 
pCEnv+MCP-l immunized group was significantly greater 
than those of the pCEnv immunized or the control groups. 
These cytokine release data support the CTL above results im- 
plicating MCP-1 as an activator of CD8+ CTL. 

Determination of CDS restriction in CTL response. To de- 
termine whether the increases in CTL response via coexpres- 
sion of MCP-1 and RANTES were restricted to CD8 + T cells, 
CTL assays were performed using a HIV-1 envelope peptide 
(RIHIGPGRAFYTTKN) pulsed cells as targets. This pep- 
tide has been shown to be a specific epitope for MHC class 
I-restricted CTL in Balb/c mice (12). Mice received two immu- 
nizations of 50 ng of each DNA construct separated by 2 wk, 
and their spleens were harvested 1 wk after the second immu- 
nization. The CTL assay was performed on the splenocytes 



after in vitro stimulation with envelope -specific peptides as 
previously described (10, 11). We observed a significant en- 
hancement of CTL response after coinjection (Fig 8) with 
MCP-1 and RANTES at 35 and 26% specific killing at an E/T 
ratio of 50:1, respectively. We verified this observation bv 
measuring CTL activity after the removal of CD8 + T cells 
from the effector cell population by complement lysis (10) As 
shown in Fig. 9, the removal of CD8 + T cells resulted in the 
suppression of antigen-specific CTL enhancement observed 
after coinjections with MCP-1 and RANTES. These results in- 
dicale that the enhancement of cytolytic activity was antigen 
specific and CD8 + T cell dependent. 

Enhancement ofchemokine expression. It was important to 
determine the effects, if any, of these specific chemokine ad- 
juvants on chemokine production itself. We examined the ex- 
pression of chemokines MIP-la, RANTES, and MCP-1 by 
stimulated cells collected from immunized animals. Chemo- 
kine coinjection modulated chemokine production in chemo- 
kine-specific patterns. Coimmunization with chemokine cDNA 
cassettes resulted in increased expression of chemokines in 
an antigen specific manner. As shown in Fig. 10, MIP-la, 
RANTES, or MCP-1 expression was enhanced dramatically 
by coimmunization with pCEnv+MIP-lot pCEnv+ RANTES 
pCEnv+MCP-l, respectively. 

Discussion 

The initiation of immune or inflammatory reactions is a com- 
plex process involving a tightly coordinated expression of eel- 




have been repeated two times with similar results. i-restneted m Balb/c mice. These cxpenments 
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lular adhesion molecules, cytokines, and chemokines. The 
chemokines are especially important in the molecular regula- 
tion of trafficking of leukocytes from the lymph and blood ves- 
sels to the peripheral sites of host defense. The superfamily of 
chemokines consists of an array of over 30 related proteins (1). 
In addition to their functions in inflammatory and immune re- 
sponses, some chemokines play a critical role in the transmis- 
sion and progression of HIV-1 and 2 viruses responsible for 
AIDS. Recent studies have identified that the coreceptors re- 
quired for the fusion of the T cell-tropic and macrophage- 
tropic viruses with their target cells to be CXCR4 and CCR5 
respectively (4-8). 

To elucidate the specific roles of these chemokines in im- 
mune induction and modulation, we used the codelivery of 
chemokine DNA expression cassettes as an antigen delivery 
modeL DNA coimmunization is an appropriate model to in- 



vestigate the in vivo functions of chemokines because DNA 
vaccines induce both humoral and cellular immune responses 
via both the MHC class I and II pathways (10, 26-29). Further- 
more, we and others have shown that antigen-specific immune 
responses to DNA vaccines can be modulated by the coinjec- 
tion of costimulatory molecule and cytokine genes with DNA 
immunogen cassettes (10, 11, 13, 30-34). Thus, we cloned and 
coimmunized chemokine expression vectors with HIV-1 DNA 
immunogens and examined the effects of chemokine expres- 
sion on immune activation. We observed that the u-chemo- 
kine IL-8 and SDF-la as well as the p-chemokines MIP-la 
RANTES, and MCP-1 had specific, identifiable roles in the ac- 
tivation of antigen-specific immune responses. 

For instance, IL-8 is a chemotactic factor for neutrophils, 
inducing them to leave the bloodstream and migrate into the 
surrounding tissues. We observed that IL-8 was a strong in- 
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Figure 10. Expression of chemokines by 
stimulated effector cells. Supernatants 
from effectors stimulated for CTL assay 
were collected at day 6 and tested for cy- 
tokine profile using specific chemokine 
ELISA kits for MIP-la (A) t RANTES (5), 
and MCP-1 (C) as described. These experi- 
ments have been repeated two times with 
similar results. 
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ducer of CD4 + T cells, resulting in strong T helper-prolifera- 
tive responses as well as increasing antibody responses. IL-8 
coexpression also modulated the shift of immune responses to 
Thl-type, indicated by the reduction of IgGl to IgG2a ratio 
and enhanced expression of IFN-7. On the other hand, IL-8 
coadministration did not seem to have noticeable effect on 
CD8 f T cells, since it did not have any enhancement effect on 
the CTL response. 

SDF-1 interestingly binds directly to CXCR4 receptors, 
which are expressed on both CD4 + as well as CD8 + T cells (4, 
5). As this chemokine could directly interact with antigen-stim- 
ulated T cells, it was somewhat surprising to note its lack of ef- 
fect on either T helper or CTL responses. The major effect ob- 
served was a shift in isotype towards a Thl type, based on the 
IgG subtype ratios. 

It has been reported that MlP-la can chemoattract and de- 
granulate eosinophils (35). MIP-la also induces histamine re- 
lease from basophils and mast cells and is a chemotactic factor 
for basophils and B cells (36, 37), These studies support our 
observation that MIP-la had the greatest effect on antibody 
responses. In addition, MIP-la was also a strong inducer of 
T helper-prolifcrative responses. MIP-la coexpression also 
modulated the shift of immune responses to Th2 type, indi- 
cated by the increase of IgGl to IgG2a ratio. In contrast,' MIP- 
la coimmunization had minimal effect on the CD8 + T cell re- 
sponse. 

Unlike the effects of MIP-la, RANTES coimmunization 
had minimal effect on antibody responses. RANTES is a 
monocyte chemoattractant. In addition, RANTES can chemo- 
attract unstimulated CD4VCD45RCT memory T cells and 
stimulated CD4 + and CD8 + T cells (38-40). This ability of 
RANTES to chemoattract CD4 + and CD8 + T cells to the site 
of DNA immunization may have been important in inducing T 
helper-proliferative responses and CTL responses. The en- 
hanced activation of Thl responses was supported by the in- 
creased expression of Thl cytokines IFN-7 and TNF-a. The 
high level of CTL responses induced by RANTES expression 
was determined to be class I-restricted and CD8* T cell de- 
pendent. 

As a potent chemotactic factor for monocytes, MCP-1 is 
thought to be an important chemokine in chronic inflamma- 
tory disease (41). MCP-1 induces monocytes to migrate from 
the bloodstream to become tissue macrophages. MCP-1 was 
also found to chemoattract T lymphocytes of the activated 
memory subset (42). Among all chemokines examined, MCP-1 
is the most potent activator of CD8 + CTLs. The enhancement 
of CTL responses induced by MCP-1 expression was deter- 
mined to be class I-restricted and CD8 + T cell dependent. The 
enhanced CTL results are supported by increased expression 
of Thl cytokines IFN-7 and TNF-a and the reduction of IgG 1 
to IgG2a ratio. Unlike RANTES, MCP-1 had positive, but 
moderate effect on the T helper cell-proliferative responses. 
Like RANTES, MCP-1 coadministration had no effect on an- 
tibody responses. This comparison highlights that while the in- 
duction of humoral, T helper, and T cytotoxic responses are 
coordinately regulated and integrated, they can be modulated 
independently of each other, depending on the specific envi- 
ronment in which the response is triggered. 

In addition to their direct effects on immune responses, co- 
expression of chemokine genes resulted in their increased ex- 
pression in autocrine manner. For instance, we observed that 
MIP-la expression could be enhanced dramatically by coim- 
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munization with pCEnv+MIP-la over the level expressed by 
pCEnv immunization alone. Similar increases in RANTES 
were observed from RANTES codelivery. These results imply 
that these chemokines not only have a direct role in modulat- 
ing immune responses, but they also amplify their effects by in- 
ducing more production of chemokines in autocrine manner. 
This feature could be exploited for developing immunogens 
that drive chemokine production as well as humoral responses 
to cooperatively block lentiviral infection. 

An important observation was the role chemokines 
RANTES and MCP-1 play in inducing TNFhx expression. 
TNF-a is produced by activated macrophages and monocytes, 
neutrophils, activated lymphocytes, and NK cells (43). TNF-a 
is also implicated in septic shock after infection by Gram-nega- 
tive bacteria (44) and in rheumatoid arthritis (45). Further- 
more, TNF-a plays a pivotal role in regulating the synthesis of 
other proinflammatory cytokines (22). Given TNF-a's critical 
roles in various ailments, there have been major efforts in re- 
ducing the level of TNF-a in vivo as potential treatment for 
conditions such as rheumatoid arthritis. In our experiments, 
we observed that coexpression of RANTES or MCP-1 re- 
sulted in the enhanced expression of TNFkx. These results sug- 
gest that inhibiting RANTES and MCP-1 should be examined 
as a strategy to downregulate TNFkx expression in vivo. 

It is of interest that Thl vs. Th2 phenotype appears to seg- 
regate independently of other immune functions. IL-8 boosted 
humoral responses but drives those responses towards a Thl 
phenotype, cutting the IgGl/lgG2a ratio by almost 50% (Fig. 3 
B). MIP-la, perhaps the most prolific driver of serology, 
skewed the IgGl/IgG2a ratio dramatically towards a Th2 re- 
sponse (Fig. 5 B). It is clear that this manipulation can allow 
for induction of primary antigen-specific immune responses 
skewed towards a desired phenotype as well as immunoglobu- 
lin isotype independently of each other. Furthermore, the in- 
duction of cellular vs. higher humoral responses appeared to 
be relatively polarized immune functions. Those chemokines 
with the most dramatic effect on humoral responses, TL-8 and 
MIP-la, exhibited little effect on CTL responses whereas 
those that mediated the most dramatic effects on CTL re- 
sponses, RANTES and MCP-1, had minimal effects on serol- 
ogy. The same CTL driving chemokines RANTES and MCP-1 
both stimulated IFN-7 and TNF-a, while the humoral re- 
sponded had minimal effects on these important cytokines 

IL-8, SDF-la, MIP-la, MIP-lp, and RANTES are prod- 
ucts of CD8+ effector cells as well as other cells. Collectively, 
these studies demonstrate that these chemokines can function 
in a manner more similar to traditional Thl or Th2 cytokines 
in driving and expanding immunity. For example, while MIP- 
la can drive humoral responses, RANTES can drive CTLs. 
This finding suggests that CD8 + T cells, like CD4* T cells, can 
play an important role, and perhaps a decisive role, in immune 
expansion (Fig. 11). However, this expansion generally would 
take place at the site of high-antigen density during effector 
cell function rather than in the lymphoid organs (Fig. 1 1). For 
example, as a part of active CD8 + effector cell function at the 
site of viral clearance, the local production of specific chemo- 
kines would drive expansion of humoral and/or cellular immu- 
nity until CD8 + CTLs eliminated their targets and ceased be- 
ing activated. Since CD8* T cells are ultimately responsible for 
viral clearance, it is advantageous that they would control im- 
mune responses at the front line battle site as they have the 
specific machinery to determine when the invading pathogen 
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has been cleared. The site of immune expansion would distin- 
guish this regulatory role from the role of CD4' T cells that re- 
quire APCs and class II presentation to assert their role in im- 
mune regulation. In contrast, peripheral CTL action requires 
only class I presentation that can be achieved by non-APCs. 
How and if CD8 effector cells segregated into "Thl versus Th2 
chemokine" producing cells is a subject for future investiga- 
tion. 

These results outline a key regulatory role for CDS* effec- 
tor cells in the expansion phase of an antigen-specific immune 
response in the periphery. Better understanding of the mecha- 
nism of immune expansion could have important implication 
for the design of vaccines and immune therapies. 
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F.g U re legend: The figure describes how a killer T lymphocyte must recognize both the 
virus ant,gen and the self histocompatibility antigen molecule In order to kill a virus- 
Infected target cel.. The figure is a modification of the figure published by Zinkernagel 
and Doherty already 1974 (in Nature 251, p 547). 
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